The roles of the L and NS polypeptides in transcription by vesicular stomatitis virus New Jersey were studied using a mutant, tsE1, which contains a temperature-sensitive transcriptase and an altered NS polypeptide, both phenotypic changes being the consequence of the ts mutation. Mutant tsE t, its revertant (tsE 1/R 1) and the wild-type virus were dissociated into sub-viral fractions and, after reconstitution of these fractions in all combinations, the transcriptase was assayed in vitro at the permissive (31 °C) and restrictive (39 °C) temperatures. Reconstitution of the pellet fractions (containing polypeptide N complexed with the virion RNA) and the supernatant fractions (containing polypeptides L and NS) restored transcriptase activity at 31 °C in all combinations, but at 39 °C transcription was observed only in the presence of the supernatant fractions of wild-type and revertant viruses but not in the presence of the supernatant fractions of tsE1. When the pellet fractions and the L fractions were reconstituted, the transcriptase activity was restored in all combinations both at 31 °C and 39 °C. However, in vitro transcription at 39 °C by reconstituted pellet and L fractions was strongly inhibited when the NS fraction of tsE 1 was also added, while addition of the NS fractions of wild-type and revertant viruses had no effect. Since only traces of polypeptide NS were present in the L fractions and none in the pellet fractions, the results strongly suggest that polypeptide L is the transcriptase itself while polypeptide NS exerts some control over transcription.
INTRODUCTION
Vesicular stomatitis virus (VSV) consists of a single-stranded RNA molecule of approximately 40S, five major viral polypeptides, L, G, N, NS and M, and some lipids (Huang & Wagner, 1966; K ang & Prevec, 1969; McSharry & Wagner, 1971 ; Wagner et al., 1972; Evans et al., 1979) . The virion also contains an RNA transcriptase that synthesizes the messenger RNA species in infected cells using the virion RNA as template (Baltimore et al., 1970; Bishop & Roy, 1971) .
A ribonucleoprotein complex can be isolated from the purified virion after the viral coat has been solubilized by a neutral detergent in the presence of moderately high concentrations of NaC1 or CsCI (Bishop & Roy, 1972; Emerson & Wagner, 1972; Szilfigyi & Uryvayev, 1973) . This so-called transcribing nucleoprotein (TNP) complex consists of the virion RNA and polypeptides L, NS and N, and retains essentially all the transcriptase activity of the virion (Szilfigyi & Uryvayev, 1973) . Since the TNP complex synthesizes messenger RNA species in vitro which can be translated into viral polypeptides in a cell-free reticulocyte system (Preston & Szilfigyi, 1977) and since it is infectious in the presence ofDEAE dextran (Szilfigyi & Uryvayev, 1973) , the TNP must fulfil all the essential functions of the virion. It follows, therefore, that transcription of the viral RNA requires only the polypeptides N, NS and L of the TNP complex.
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The role of the N, NS and L polypeptides in the transcription process has been studied by dissociating the virion or the TNP complex into sub-viral fractions, each containing a single viral polypeptide, and assaying the transcriptase activity in vitro after reconstitution of these fractions in various combinations. Such dissociation-reconstitution experiments strongly suggested that, both in the case of VSV Indiana and VSV New Jersey, polypeptide L is either the transcriptase itself or is part of a transcriptase complex (Naito & Ishihama, 1970; Emerson & Wagner, 1972 Emerson & Yu, 1975 ; Szilfigyi, 1975 ; Mellon & Emerson, 1978 ; Kingsford & Emerson, 1980) . This was confirmed by using temperature-sensitive mutants of VSV Indiana (Hunt et al., 1976 ) and a temperature-dependent host-range mutant of VSV New Jersey (Szil~,gyi et al., 1977) , since these mutants possess a temperature-sensitive transcriptase (Szil~tgyi & Pringle, 1972 . Reconstitution of their sub-viral fractions with those of wild-type viruses or revertant strains showed that the reconstituted transcriptase was temperaturesensitive only when polypeptide L of these mutants was used. Thus, these results showed that L is the temperature-sensitive polypeptide and also that it is involved in the transcription process.
Emerson and her colleagues, using wild-type VSV Indiana, showed that polypeptide L on its own does not synthesize RNA when reconstituted with the virion RNA-polypeptide N template, but RNA synthesis will proceed when the NS polypeptide is also present (Emerson & Yu, 1975; Mellon & Emerson, 1978; K ingsford & Emerson, 1980) . These results suggest that the transcriptase is a complex of polypeptides L and NS.
Our aim was to study the role of polypeptides NS and L of VSV New Jersey in the transcription process using the temperature-sensitive mutant tsE1, its revertant tsEl/R1 and wild-type virus (Pringle et al., 1971 ; Evans et al., 1979; Pringle & Szilfi.gyi, 1980) . This mutant was chosen because it has a temperature-sensitive transcriptase and the electrophoretic mobility of its N S polypeptide is considerably greater than that of the wild-type virus (Szilfigyi & Pringle, 1979; Evans et al., 1979; Lesnaw et al., 1979) . We believe that both phenotypic changes are the result of the ts mutation because this mutant was isolated from wild-type stock mutagenized in such a way as to favour point mutation (Pringle et al., 1971 ) and because we isolated from this mutant a spontaneous revertant, tsE1/R1, where both transcriptase activity and the electrophoretic mobility of the polypeptide NS reverted to the wild-type phenotype simultaneously (Evans et al., 1979) . Our experimental approach involved dissociating the TNP complexes of the mutant tsEl, the revertant tsE1/R1 and the wild-type VSV New Jersey into sub-viral fractions each containing a single viral polypeptide, and, after reconstituting these in various combinations, assaying the activity of the transcriptase in vitro at the permissive (31 °C) and the restrictive (39 °C) temperatures. A preliminary report of this work has been published (Ongrfidi & Szilfigyi, 1981) .
METHODS
Reagents. We purchased DL-dithiothreitol (DTT), the neutral detergent Triton N-101 (TN 101), and S-adenosyl-L-methionine (SAM) from Sigma, dimethyl sulphoxide (DMSO) and sodium lauryl sulphate (SDS) from BDH, N,N'-diallyltartardiamide (DATD) from Aldrich and Pll cellulose phosphate from Whatman. Both L-[35S]methionine (55,5 TBq/mmol) and [5,6-3H]uridine 5'-triphosphate (1.5 to 2.2 TBq/mmol) were supplied by Amersham. The rat liver ribonuclease inhibitor was obtained from Searle. Solutions of EDTA were adjusted to pH 7.0 with NaOH.
Cellulose phosphate column. The preparation of cellulose phosphate columns followed the method of Emerson & Wagner (1973) with minor modifications. Whatman PI 1 cellulose phosphate was sequentially treated wilh 0-5 MNaOH, H20, 0.5 N-HCI, H20 and was equilibrated first with 20 mM-Tris HC1 pH 8.0, 1 mM-EDTA, and then lO. , with Buffer A (20 mM-Tris-HCl pH 8.0, 0" /o Triton N-101, 3.5 mM-DTT, 10}~ glycerol). The suspension of activated cellulose phosphate was stored in an ice-water bath.
Cellulose phosphate columns (10 mm diam. x 6 mm high) were prepared by applying 0.75 ml aliquots of activated cellulose phosphate suspension to small glass chromatography tubes and washing these overnight at 4 °C with Buffer A at a flow rate of 10 to 15 drops per min. Each column was used only once.
Growth and purification of virus. Wild-type VSV New Jersey, the temperature-sensitive mutant tsE1, and its spontaneous revertant tsE I/R 1 (Pringle et al., 1971 ; Szilfigyi & Pringle, 1979) , labelled with L-[ 35S]methionine, were grown and purified as previously described (Macpherson & Stoker, 1962; Evans et al., 1979) .
Dissociation o[ the cirion into sub-riral/ractions. To achieve reproducible dissociation of the virions into welldefined sub-viral fractions, and to conserve the activity of transcriptase in these fractions we took the following precautions. First, we used freshly grown and purified virus suspensions which had been stored at -70 °C for not more than t or 2 days. Second, the sub-viral fractions were kept between 0°C and 4°C throughout the dissociation, with the exception of the TNP complexes and the pellet fractions which were stored at -70 °C. Third, the dissociation, reconstitution and the assay of the activity of the transcriptase were all done in the shortest possible time, i.e. within 2 consecutive days. Thus, during the first day we prepared the TNP complexes from purified virions, treated them with digitonin and LiC1, and separated the supernatant and pellet fractions by an overnight centrifugation. On the second day, the supernatant fractions were separated into the NS and L fractions by cellulose phosphate column chromatography, followed immediately by the reconstitution of the various fractions and the assay of the RNA transcriptase. All transcriptase assays were done simultaneously using the same reagents. The outline of the dissociation of the virion into sub-viral fractions is shown in Fig. 1 , and details of dissociation, reconstitution and assay of the transcriptase activity are given below.
Roles of VSV L and NS proteins in transcription
Preparatkm of TNP complexes. TNP complexes were prepared from purified virions according to the method of Szilfigyi & Uryvayev (1973) using the modification described by Szilfigyi & Pringle (1975) .
Thus, [35S]methionine-labelled purified virus containing exactly 5 mg protein was diluted to 5 ml with 20 mMTris-HCl pH 8.0. To this suspension, placed in an ice-water bath, we added 0.375 ml glycerol, 0.25 ml 0.2 M Tris-HC1 pH 8.0, 0.375 ml 0.1 M-EDTA, 0.375 m170 mM-DTT, 0,375 ml 2% Triton N-101, and finally 0.75 ml 5 M-CsC1 solution, which was added in 0-15 ml aliquots while the suspension was vigorously mixed. During the addition of CsCI we observed a marked drop in the turbidity of the preparation, indicating the solubilization of the viral coat. The resulting 7.5 ml suspension was kept at 0 °C for 20 min and was then diluted with 3.75 m120 mM-Tris HCI pH 8-0 containing 3.5 mM-DTT. This suspension was then layered on the top of a 20 ml preformed 30 to 50°,o glycerol gradient (made up in 20 mM-Tris-H CI pH 8.0, 1 mM-EDTA, 3.5 mM-DTT and 0.1 M-NaCI) and centrifuged for 4 h at 50000 r.p.m at 2 "C using a Ti65 rotor in an MSE Superspeed 65 centrifuge. After centrifugation the liquid phase, containing the solubilized G and M polypeptides, was discarded, and the surface of the pelleted TNP and the centrifuge tube was rinsed with 20 mM-Tris HCI pH 8.0. The pellet was then gently resuspended in 2.5 ml 20 mM-Tris HCI pH 8.0, and 1.25 ml glycerol was added.
From this TNP suspension (3.75 ml) we used 2.73 ml for further fractionation while the remaining 1-02 ml was stored at -70 "C for use in the transeriptase assays.
Dissociation o/ TNP into pellet traction and supernatant J~'action, Dissociation of TNP into a "pellet fraction"
containing the viral RNA polypeptide N complex, and a 'supernatant fraction' containing the solubilized polypeptides NS and L, followed the method of Szil~.gyi et al. (19771 with some modifications.
To 2.73 ml of freshly prepared TNP suspension, which was kept in an ice-water bath, we added 0.473 m120 mMTris HC1 pH 8.0 and then 0-105 ml 2-0 M-Tris-HCI pH g-0, 0.105 ml DMSO, 0-105 m140 mvI-EDTA, 0-105 m1140 mM-DTT and 0.105 ml of a 4~ solution of digitonin (dissolved in DMSO). Finally 0.472 ml 8 M-LiCI was added in small aliquots while the suspension was vigorously mixed. The resulting 4.2 ml suspension was kept at 0 °C for 30 min, and then 50 lal of 20 mM-Tris-HC1 pH 8.0, was added before layering it carefully on the top of a small (0.75 ml) preformed 40 to 5(1°o glycerol gradient (prepared by layering 0.25 ml aliquots of 50°.,o, 45°0 and 40°.o glycerol solutions, made up in the same buffer as used for the centrifugation of the TNP) in a 5 ml centrifuge tube, and centrifuging it overnight at 40000 r.p.m, at 2 °C (SW50-1 rotor) in a Beckman L3-50 centrifuge.
After centrifugation the supernatant was carefully removed and placed in an ice-water bath. The inside surface of the centrifuge tube (with the exception of the rounded bottom which contained the pellet) was wiped carefully with tissue paper, and the surface of the centrifuge tube and the pellet was then rinsed twice with 2.5 ml of 20 mMTris HCI pH 8"0, wiping the inside of the tube with tissue paper after each rinsing. This procedure was necessary to remove all traces of solubilized polypeptides attached to the surface of the cellulose nitrate centrifuge tube. Finally, the pellet was resuspended in 2-73 ml of 20 mM-Tris-HC1 pH 8-0, and this "pellet fraction' was stored at -70 "C and used subsequently in reconstitution and the assay of the transcriptase.
We divided the 5 ml supernatant into two portions after adding 5 ~tl Triton N-101 (final concentration 0.1 ~) to prevent aggregation of polypeptides during subsequent dialysis. Four ml of this was used immediately for the separation of the NS and L polypeptides, while the remaining 1 ml, called the 'supernatant fraction', was stored in an ice-water bath to be used subsequently in reconstitution and the assay of transcriptase.
Separation o! polvpeptides NS and L by phosphocellulose column chromatography.
The 4 ml aliquot of the supernatant was dialysed against Buffer A for 2 h at 4"C, changing the buffer every 30 rain. The dialysed supernatant was then loaded onto the small cellulose phosphate column and allowed to pass slowly through it (111 drops/min). The flow-through material (approx. 4 ml) contained the NS polypeptide and was called the "NS fraction'. The column was then washed four t~mes with 4 ml aliquots of Buffer A, each aliquot being collected separately and subsequently tested for the presence of NS polypeptide. Only the first aliquot contained detectable amounts of this polypeptide. Finally, the column was eluted with 4 m[ Buffer A containing 2 M-NaCI. Since this last fraction contained the L polypeptide, it was called the "L fraction'.
Finally, the supernatant, NS, and L fractions were dialysed against Buffer B (20 mM-Tris-HC1 pH 8.0, 1.75 mM-DTT, 2.5°.o DMSO) for 2 h at 4 "C, changing the buffer every 30 min.
Reconstitution of the sub-viralJractions and assay o['the transcriptase, Reconstitution of the sub-viral fractions and
assay of the activities of the transcriptase were done similarly to previously published methods (Szilfigyi & Pringle, 1972 Szilfigyi et al., 1977) and they immediately followed the dissociation of the virions. Reconstitutions and assays were done at the same time using the same reagents. To conical test tubes immersed in an ice-water bath, we added 15 #1 of TNP complex, 15 ~tl of pellet, 50 ~1 of supernatant, 50 I_tl of N S and 50 ral of L fractions either on their own or in the various combinations shown in Fig. 5, 6 and 7. Since the largest volume after reconstitution was 115 ~tl (in the test tubes containing the pellet, the L, and the NS fractions together) all the other volumes were adjusted to 115 ~tl by the addition of the requisite amounts of Buffer B. To these suspensions we then added l 0 ~tl 70 mM-DTT, 4 ~tl 50 units/ml rat liver ribonuclease inhibitor, 5 ~tl 1 mM-SAM, 12 ~tl 32 mM-ATP, and 50 ~tl "reagent mixture' (containing 400 mM-Tris-HC1 pH 8.0, 400 mM-NaCI, 1.6 ~,tg/ml actinomycin D, 2.56 mM each of ATP, CTP and GTP, 0.256 mM unlabelled UTP, and 8.8 MBq/ml [3H]UTP). After mixing, a 20 p_l sample was taken from each suspension (zero time samples), tbe test tubes were placed in 31 °C or 39 ':C waterbaths, and 1 min later RNA synthesis was started by the addition of 5 ~tl of 220 mM-MgCl2 during vigorous mixing. Incubation continued at both temperatures for 2 h, and 20 03 samples were taken at 30 rain intervals and placed on Whatman DE81 discs. The discs were washed five times in 5°o sodium pyrophosphate, twice in water, twice in ethanol and then dried. The radioactivity in the discs was counted, using a toluene-based scintillant containing Soluene 350, in an Intertechnique SL30 spectrometer. The transcriptase activities are expressed as the amounts of radioactivity incorporated into the samples after the background values of the respective zero time samples were subtracted. Samples were prepared for electrophoresis by adding 0.5 vol. boiling mixture (containing 60,0 SDS and some bromophenol blue in the appropriate buffer) and heating them for 2 rain at 100 °C.
In the first method we used conventional (1.4 mm thick) discontinuous SDS polyacrylamide slab gels, and the polypeptides were visualized by autoradiography. The separating gels contained 10°,o ~ acrylamide crosslinked with 0.17°.o DATD (Spath & Koblet, 1979) . For autoradiography, Agfa-Gevaert Scopix CR3 NIF X-ray films were used.
In the second method we used ultrathin (0.8 mm thick) discontinuous SDS polyacrylamide slab gels and the polypeptides were stained with ammoniacal silver nitrate. The separating gels contained 9.5°.o acrylamide crosslinked with 0-17 ° o DATD. The silver staining was done according to the method of Oakley et al. (1980) and the stained gels were photographed immediately using transmitted light.
RESULTS

Polypeptide composition of the virions and their sub-viral fractions
The polypeptide compositions of the virions and their sub-viral fractions were studied by polyacrylamide gel electrophoresis using both autoradiography and silver staining to visualize the polypeptides. The results obtained with the mutant tsE1 are shown in Fig. 2 and 3 . Similar results were obtained with wild-type VSV New Jersey and tsEl/R1.
First of all we used conventional (1.4 mm thick) slab gels and identified the [35S]methioninelabelled polypeptides by autoradiography. To detect the minor components as well as the major polypeptides, we applied large samples to the gels (in the case of the supernatant, NS and L fractions the wells were completely filled) and exposed the X-ray films to the dried gels for an extended period. The results (Fig. 2) show that the purified virion contained the five major viral polypeptides, L, G, NS, N and M, and the two minor components, polypeptides a and b. Polypeptide b is probably of viral origin (Pringle et al., 1981) , while polypeptide a is presumably a host polypeptide, since its electrophoretic mobility is identical to that of a major polypeptide, presumably actin, of the BHK cells. The TNP complex contained almost all the L, NS and N polypeptides of the virion and the minor polypeptide a, while only minute amounts of G and M polypeptides were detected. The pellet fraction contained almost all the N polypeptide of the TNP complex, as well as the minor polypeptide a, while polypeptides L and NS appeared to be completely removed. The supernatant fraction contained all the NS and L polypeptides of the TNP complex, although minute amounts of G, M and N polypeptides were also detected. The NS fraction contained the N S polypeptide and traces of G, N and possibly M, while polypeptide L appeared to be completely absent. The L fraction was almost a pure preparation of polypeptide L. Even after 10 days exposure of the X-ray film to the gel, only traces of polypeptides NS and N could be detected in this fraction.
Next, we used ultrathin (0.8 mm) slab gels and identified the polypeptides by silver staining. Again, large samples were applied to the gels; wells containing the supernatant, NS and L fractions held maximum volumes of samples. Silver staining proved to be as sensitive as autoradiography and had the advantage of staining each polypeptide a different colour thus facilitating their identification. The results obtained by this method (Fig. 3a) were almost identical to those observed by autoradiography (Fig. 2) except that in the purified virion (and consequently in some of the sub-viral fractions) we detected the presence of several minor polypeptides derived from the host cell. Thus, the results confirmed that the pellet fraction was an almost pure preparation of polypeptide N with no evidence for the presence of L or NS, the NS fraction contained polypeptide NS and minute amounts of G and N but no detectable amounts of polypeptide L, and the L fraction was an almost pure preparation of polypeptide L.
To determine the amount of contaminating viral polypeptides present in the NS and L fractions we prepared concentrated suspensions of these fractions by freeze-drying them prior to electrophoresis. This enabled us to place tenfold more NS and 20-fold more L fractions on the gel (Fig. 3 b) . The results showed that in the concentrated NS fraction the prominent polypeptide was NS. Small amounts of polypeptides G and N were also present but only very slight traces of polypeptide L could be detected. The concentrated L fraction contained large amounts of polypeptide L, minute amounts of polypeptide N and barely detectable amounts of polypeptide NS. Thus, apart from traces of other polypeptides we were successful in producing a ' T N P complex' containing only the polypeptides L, N and NS in stable association with the virion R N A , a 'pellet fraction' containing only polypeptide N firmly b o u n d to the virion R N A , a 'supernatant fraction' containing the solubilized polypeptides L and NS, an 'NS fraction' containing virtually only polypeptide NS and an "k fraction' which was an almost pure preparation of polypeptide L. The trace amounts of polypeptide L in the NS fraction, and the traces of polypeptide NS in the L fraction were so small that they were unlikely to have any effect on the activities of the transcriptase associated with these fractions. 
Synthesis of RNA by TNP complexes
The activity of the RNA transcriptase of the TNP complexes was assayed in vitro at 31 °C and 39 °C (Fig. 4) . The three TNP complexes had approximately similar rates of RNA synthesis in citro at 31 °C. However, after 2 h of incubation at 39 °C, the amounts of RNA synthesized by wild-type and revertant TNP complexes were approximately 40% of the amounts produced at 31 °C, whereas the amount of RNA synthesized by the mutant tsE1 was only 6% of that synthesized at 31 °C. Therefore, the RNA transcriptase activity of the mutant tsE1 was temperature-sensitive in vitro. 
Synthesis of RNA by reconstituted pellet and supernatant fractions
Neither the pellet fractions nor the supernatant fractions of the three viruses synthesized detectable amounts of RNA when assayed on their own either at 31 °C or 39 °C (data not shown). At 39 °C, RNA was synthesized throughout the 2 h of incubation when the supernatant fractions of wild-type and revertant viruses were reconstituted with any of the three pellets.
However, when the supernatant fraction obtained from the mutant tsE 1 was reconstituted with any of the three pellets only small amounts of RNA were synthesized at 39 °C. Thus, these results demonstrated that the polypeptides involved in the transcription, including the temperature-sensitive polypeptide of tsE1, reside in the supernatant fraction. Fig. 6 shows the rates of RNA synthesis in vitro by the reconstituted pellet and L fractions of wild-type VSV New Jersey, mutant tsE! and revertant tsE1/R1. Almost identical rates of RNA synthesis were observed at 31 °C when the pellet fractions were reconstituted with the L fractions in all combinations. The amounts of RNA synthesized during the 2 h of incubation were very similar to those observed when pellet and supernatant fractions were used (Fig. 5) . Similarly, at 39 °C all nine combinations of pellet and L fractions synthesized RNA at the same rate and the amounts of RNA synthesized were comparable to those obtained when the pellet fractions were reconstituted with the supernatant fractions of wild-type and revertant viruses (Fig. 5) . Thus these results show that the L fractions contain the polypeptide responsible for transcription but do not contain the temperature-sensitive polypeptide of tsE1. cases and were comparable to the results shown in Fig. 5 and 6 . However, at 39 °C RNA synthesis was strongly inhibited when the wild-type pellet was reconstituted with any of the L fractions in the presence of the NS fraction of the mutant tsE1 (Fig. 7 , lower middle panel), but not in the presence of the NS fractions of the wild-type VSV New Jersey or the revertant tsE 1/R 1 (lower first and third panels). Thus, these results show that the temperature-sensitive polypeptide of the mutant tsE1 resides in the NS fraction of this virus and that in its presence transcription in vitro at 39 °C is strongly inhibited.
Synthesis of RNA by reconstituted pellet and L fractions
Synthesis of RNA by reconstituted pellet, L, and NS fractions
DISCUSSION
In these experiments we have studied the role of polypeptides L and NS of VSV N ew Jersey in the transcription process using the temperature-sensitive mutant, tsE 1. This mutant was chosen because its transcriptase activity is temperature-sensitive and its NS polypeptide has an altered electrophoretic mobility. Since both phenotypic changes are almost certainly the result of the ts mutation, the most likely explanation for the inability of the transcriptase to synthesize RN A at the restrictive temperature is that the mutated NS polypeptide is unable to fulfil its role in the transcription process at this temperature. In dissociation and reconstitution experiments, therefore, we expected the transcriptase to be temperature-sensitive only in those combinations where the NS fraction of tsEl was present. Thus, this mutant appeared to provide a unique opportunity to study the role of the NS polypeptide in the transcription process.
By controlled dissociation of the purified virions of mutant tsE 1, revertant tsE 1/R 1 and wildtype VSV New Jersey, we obtained the so-called pellet, NS and L fractions, each containing essentially a single viral polypeptide, and after reconstituting these sub-viral fractions in various combinations, we assayed the activity of the transcriptase in vitro at the permissive (31 °C) and restrictive (39 cC) temperatures.
We found that after reconstitution of the pellet and L fractions, transcriptase activity was completely restored in all combinations both at 31 °C and 39 °C. When the NS fractions were also added to the reconstituted pellet and L fractions there was only a slight increase in the amounts of RNA transcribed at 31 °C. However, at 39 °C transcription was strongly inhibited in the presence of the NS fraction of tsE1, but not in the presence of wild-type or revertant NS fractions.
Since polyacrylamide gel electrophoresis failed to show any trace of polypeptide NS in the pellet fraction and only slight traces in the L fraction, the results of the reconstitution of these sub-viral fractions strongly suggest that polypeptide L on its own is capable of synthesizing RNA using the virion RNA polypeptide N complex of the pellet fraction as template. The fact that RNA synthesis is inhibited in ritro at 39"C in the presence of the NS fraction of tsEl confirms that the transcriptase activity is temperature-sensitive because of the mutation in the NS polypeptide of this mutant, and suggests that polypeptide NS exercises some control over RNA synthesis by polypeptide L. Furthermore, the reason for using the mutant tsE1 is that its polypeptide NS is temperature-sensitive, and therefore if there had been a significant amount of this polypeptide in the L fraction transcriptase activity at 39 °C would have been inhibited. Since no such inhibition occurred, we believe that the amount of NS polypeptide in the L fraction was too small to have a significant effect on the transcription process.
Thus, our results suggest that polypeptide L is the transcriptase itself, while polypeptide NS appears to exert some controlling role over RNA synthesis by polypeptide E.
Emerson and her colleagues (Emerson & Yu, 1975; Mellon & Emerson, 1978 : Kingsford & Emerson, 1980 , using wild-type VSV Indiana, found that a combination of L and NS polypeptides was necessary to synthesize RNA in vitro on the virion RNA-polypeptide N template. We can envisage two possible explanations to account for the differences in the two sets of results : either the difference between VSV Indiana and VSV New Jersey is much greater than has been suspected, or there is a difference in the two methods of assaying the activity of the transcriptase. At present we can not distinguish between these two possibilities.
We do not know the exact nature of the mutation affecting polypeptide NS of the mutant tsE1. Evans et al. (1979) envisaged two possibilities: either the NS polypeptide of the mutant tsE 1 is shorter than the wild-type NS, or the phosphorylation of the mutant polypeptide differs from that of the NS polypeptide of the wild-type virus. Since early termination or late initiation of protein synthesis are difficult to reconcile with the loss of functions of the various group E mutants, a difference in phosphorylation was favoured by these authors. They proposed a model which could explain both the altered mobility of the NS polypeptide and the nature of the tsEl mutation. According to this model, the NS polypeptide is folded into loops held together by ionic and hydrophobic bonds and stabilized in this configuration by phosphodiester bridges. If mutation results in the substitution of one of the amino acids to which the phosphate is covalently bound, the phosphodiester bridge cannot be formed and the stabilization of the loop does not take place. Thus, the loop affected by the temperature-sensitive mutation could easily be denatured resulting in the inhibition of virus development at the restrictive temperature and increased mobility of polypeptide NS in the polyacrylamide gel. Only nucleotide sequence analysis of the messenger RNA species coding for the NS polypeptide of the wild-type virus, group E mutants and their revertants can distinguish between these two possibilities. Sequence analysis of the first 250 nucleotides of the NS genes of the three mutants of complementation group E showed that each mutant contained one distinct nucleotide change, affecting the code for a glutamic acid in tsE1 and tsE3 or an aspartic acid in tsE2 (D. J. McGeoch, A. Dolan & C. R. Pringle, personal communication).
